ABSTRACT The effect of tricresylphosphate (TCP) was studied in vitro and in vivo on the rat liver and brain enzymes acetylcholinesterase (ACC), butyrylcholinesterase (CHE), arylesterase (ARE), aliesterase (ALI), and the microsomal nicotinamide-adenine dinucleotide phosphate oxidase (NADPH2-oxidase) system. The results show that, in the male rat, TCP givenintraperitoneally induces an increase in liver microsomal ARE and NADPH2-oxidase and a decrease in ALI and cholinesterase; no activation of ARE and NADPH2-oxidase is observed in female rats.
It is now generally accepted that the reaction of organophosphate esters with esterases is the same process that occurs when such enzymes catalyse the hydrolysis of their substrates Barnes, 1961, 1966; Aldridge and Reiner, 1972) .
Inhibition of aliesterase (ALI) after treatment with triortholylphosphate was demonstrated by Dubois (1972) and the toxicity of another phosphoric ester, malathion, appeared to be increased when ALI activity was low.
The aim of the present study was to establish whether tricresylphosphate (TCP) can affect microsomal enzymes in rat liver and brain. The activity of rat serum was considered together with microsomal nicotinamide-adenine dinucleotide phosphatedependent (NADPH2-dependent) oxidase and nonspecific esterases. The effect of n-hexane administration, alone or with TCP, was also studied because n-hexane is a volatile organic solvent widely employed in the same type of technological processes in which TCP is used. Methods
ANIMALS AND TREATMENT
Twenty male Wistar albino rats weighing 100-120 g were injected intraperitoneally (i.p.) with 1 % orthotricresylphosphate (Disflamoll Farbenfabriken Bayer Aktiengesellschaft, Leverkusen) dissolved in olive oil, at a daily dose rate of 2-8 g TCP/kg/day for 3 days.
A group of 30 male and 30 female rats was injected i.p. with n-hexane (Hexanes, Analytical Reagent, Mallincrodt Chemical Works, St Louis) (2-8 g/kg/day for 3 days), TCP (2-8 g/kg/day for 3 days) and nhexane plus TCP at the same dose level. Control animals received corresponding quantities of the vehicle.
A parallel study was carried out with 24 male and 24 female rats exposed to an atmosphere of 500 ppm n-hexane for 3 days in an exposure room (Peretti and Bombi, 1975) . In this experiment some animals were pretreated with TCP (2-8 g/kg/day for 3 days) before exposure, and TCP was administered percutaneously, being applied directly to 2 cm2 of shaven skin.
LIVER AND BRAIN PREPARATION
The rats were decapitated at the end of the intoxication period (12 h after the last dose). The liver and the brain were removed immediately and cooled in an ice bath. Homogenates (0 25 g fresh tissue/ml) were prepared with a cold 0-25 M sucrose solution using a Teflon glass Potter homogeniser. The mitochondrial fraction was obtained from the homogenates by centrifugation in a Sorvall centrifuge at 4000 g for 2 min to remove the nuclear fraction. The supernatant was then spun at 6000 g, the sediment discarded and the new supernatant spun at 10 000g. The sediment from this last step was resuspended in 1 ml of 0-25 M sucrose and the pellet sedimenting between 6000g and 10 000 g was taken as the mito- ALI activity was assayed kinetically by the cresol red method (Burlina and Galzigna, 1973a) . Lipase activity was measured by the turbidimetric method of Burlina and Galzigna (1973b) (Slater, 1968) with orcinol (Merck, Darmstadt) as a substrate.
Results
Preliminary experiments showed that TCP had a significant effect after three days' treatment, on the activity of most of the enzymes tested. Effects of tricresylphosphate on esterase activity of rat serum and tissues gests that some phenomenon of enzyme induction may be involved in the response to treatment with TCP, and that this differs slightly between the sexes.
The determination of NADPH2-dependent orcinol oxidase activity, which is typically sensitive to induction, showed that TCP increases oxidase activity in male rats and that the increase is highly potentiated if n-hexane is given together with TCP. No such changes occur in females.
A possible mechanism of enzyme induction, sexdependent and superimposed on the inhibitory effects might explain the increase of microsomal ARE. It is well known that TCP is metabolised in rats by hydroxylation and cyclisation catalysed by microsomal enzymes (Eto et al., 1962) .
The data on microsomal NADPH2-dependent orcinol oxidase activity show that enzyme induction may possibly result from TCP and TCP plus nhexane treatment in male rats. This is in agreement with the increase of ARE activity observed in male but not in female rats.
The CHE inhibition, which is probably the most important effect of TCP in female rat liver, may be masked in males by a concomitant enzyme induction.
The possible synergism between TCP and n-hexane seems, in fact, to occur to a different extent in the two sexes.
These results and conclusions corroborate the claims of Johnson (1975) in his critical appraisal of the problem of delayed neuropathy by organophosphorus esters. The present study enabled us to identify the specific esterases which, in a group of different esterase enzymes, are primarily affected in TCP intoxication.
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